The liver plays a major part in the biotransformation of environmental agents. Accordingly, the toxic effects of certain chemical agents used in industryfor example carbon tetrachloride' and 1, 1, 2, 2-tetrachloroethane2-include serious hepatic injury, and the list of potentially hepatotoxic agents is continually growing. Also, concern among exposed workers has led to a demand for laboratory tests to be used in the early diagnosis and prevention of occupational liver disease. Such tests are, for instance, serum concentrations of "liver enzymes" such as alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), and gammaglutamyl transferase ('y-GT described by Sollenberg and Baldesten.7 Serum aspartate aminotransferase (S-ASAT), alanine aminotransferase (S-ALAT), gammaglutamyl transferase (S-y-GT), alkaline phosphatase (S-ALP), and lactate dehydrogenase (S-LD) were determined using standard analytical procedures. ,umolIl for S-CA and S-CDCA, respectively.8 Table   1 gives the upper reference values for the other liver tests.
Results Table 1 shows frequency of abnormal results in varEdling and Tagesson ious liver laboratory tests. Nine of the 23 individuals had raised fasting levels of S-CA and nine of S-CDCA, and altogether 11 had raised levels of either S-CA or S-CDCA (or both). Three subjects had raised S-ALAT and one raised S-ASAT. Only one subject showed raised S-y-GT and none increased S-LD or S-ALP.
Altogether, 13 of the 23 subjects investigated had one or more abnormal liver laboratory test results (table 2). Thus it appeared that 10 subjects had increased levels of either S-CA or S-CDCA (or both) but otherwise normal laboratory findings. Two individuals (GH and MN) showed increased liver enzyme activities but normal bile acids while one (KL) had both increased S-ALAT and raised S-CA.
The urinary excretion of mandelic acid (MA) ranged from 0-3 to 17-8 mmolI (3-44 + 3-82, m + SD (n = 22)). A correlation (r = 0-9) was obtained between urinary MA and styrene exposure; this is in accordance with the concept that urinary MA reflects the degree of styrene exposure.9 According to Swedish occupational health practice, urinary MA values of 1-3 mmol/l indicate potentially hazardous styrene exposure. If this MA-value was used to dichotomise the subjects into "high exposed" and "low exposed" (table 3), nine of the ten individuals with raised bile acids were high exposed. Of the five low exposed subjects, one t< 1-3 mmol mandelic acid/l urine. 1> 1-3 mmol mandelic acid/l urine. group.bmj.com on August 14, 2017 -Published by http://oem.bmj.com/ Downloaded from Raised serum bile acid concentrations after occupational exposure to styrene (20%) had raised serum bile acids. Assuming that the raised bile acids were due to styrene exposure, the bile acid test would have 53% sensitivity and 80% specificity (data from table 3).
Discussion
This study aimed to determine the serum bile acid concentrations after occupational exposure to styrene and to relate these values to those found in healthy non-exposed individuals. In hospital investigations of liver disease as in occupational health screening the results of laboratory tests are related to reference ranges given by the laboratory at hand. The reference values for S-CA and S-CDCA used in this study were based on samples from 60 healthy individuals in the same age span as the exposed subjects. Moreover, there are no indications that fasting serum bile acid concentrations in healthy adults are age-or sex-dependent.'0 With this in mind it seems justified to use the established reference values for comparison with values found in exposed subjects rather than selecting a particular control group.
Direct measurements showed that the investigated subjects were exposed to styrene in the range of 41-202 mg/m3; for comparison, the current Swedish TLV is 170 mg/m3. Also, the urinary excretion of mandelic acid (MA) showed that the subjects were all exposed to styrene and that urinary MA excretion reflected the degree of styrene exposure. As to the general exposure level, previous studies have indicated that 100-300 mg/m3 may have caused raised serum levels of aminotransferases.6
The investigation showed that 13 of the 23 subjects (57%) had one or more abnormal liver test results (table 2) . Of these, only three had raised liver enzymes whereas 11 had raised bile acids. The reason for this cannot be unequivocally established, but some possibilities may be discussed.
To explain raised aminotransferase levels, alcohol consumption has always to be considered. One of the subjects (GH) was known to abuse alcohol and he also had raised ASAT, ALAT, and y-GT levels, but normal bile acids. As to the other subjects there were no indications of abnormal alcohol intake and y-GT values were all normal; (the y-GT test is claimed to be a sensitive measure of liver damage due to alcohol"). Even normal alcohol consumption together with styrene exposure could have affected the liver, however, since potentiation between alcohol and solvents has been shown in animal experiments'2 13 and in field studies.'4
Other possibilities might be that the subjects did not fast to obtain proper fasting levels or that they had one or several undiagnosed liver diseases with concomitant raised bile acid levels. We have no indication, however, to support any of these contentions. None of the subjects took drugs that could have affected the liver on their own or by interacting with solvents.'5 We therefore suggest that in most subjects the raised bile acid concentrations were due to their styrene exposure. This investigation may lend further support to the concept that occupational styrene exposure adversely affects the liver. It also illustrates that routine monitoring of liver enzymes is a doubtful screening method in occupational health practice, but points to the possibility that raised bile acid concentrations might be a sensitive and early indicator of liver dysfunction.
